INTRODUCTION
Peripheral arterial disease (PAD) is typically asymptomatic and underdiagnosed and this has resulted in the instigation of primary care PAD screening through ankle-brachial index (ABI) measurement. The ABI is the accepted noninvasive gold standard for both diagnosing PAD and the assessment of disease severity. [1] [2] [3] The ABI has been beneficial for screening generally asymptomatic persons with PAD, and to help in direct medical treatment, exercise programs, angioplasty, and surgery. [4] Even though previous studies have shown that the oscillometric method can be used to measure ABI, used blood pressure (BP) measurement (oscillometric BP, Terumo, ES-P600) to manually calculate ABI values as compared with an automated ABI (VP-2000/1000 Type 230, oscillometric method). This automated ABI method is expensive, complex, and requires special training, and is usually only used in larger hospitals. The oscillometric BP method is easy, simple, and requires minimal training, and can be used in large and small hospitals, health-care centers, and in the home. In Thailand, no study has compared oscillometric BP to measure ABI values to those of an automated ABI instrument. Thus, it is important to know whether the oscillometric BP technique is as accurate a measure of ABI as the automated ABI, as that would benefit primary health-care centers and community hospitals, as well as enable self-measurement among the general or at-risk populations for PAD. Thus, the aim of the present study was to assess the validity and reliability of the ABI by oscillometric BP measurement as compared with the automated ABI as the gold standard.
MATERIALS AND METHODS

Study design and population
The experimental study was conducted at the Golden Jubilee Medical Center, Mahidol University, Thailand. Using a sample size calculation with an acceptable error of 5%, a sample size of 169 patients was needed. All the data were collected from 303 patients at risk of PAD who were 45 years of age or older and who underwent treatment at the outpatient medical clinic of the Golden Jubilee Medical Center between June and December 2015. Three inclusion criteria were applied from the guidelines of PAD: [12] (1) patients who had three of seven risk factor symptoms (e.g., diabetes Type 1 or Type 2 or impaired fasting glucose, hypertension (BP >140/90 mmHg or currently treated with antihypertensive agents), chronic kidney disease Stage III-V, dyslipidemia or currently treated with a lipid-modifying agent, currently smoking (>1 cigarettes/day), male older than 55 years, female older than 65 years, and a family history of premature atherosclerosis); (2) patients who had a previous history of cardiovascular events (year of events) with one out of seven symptoms (e.g., chronic stable angina, myocardial infarction, unstable angina, stroke (ischemic), transient ischemic attack, aortic dissection, and peripheral vascular disease); and (3) patients who have a history of cardiovascular intervention (year of intervention) (year of events) with one out of eight symptoms (e.g., percutaneous coronary intervention [PCI] , coronary artery bypass graft [CABG] , aortic surgery, peripheral artery angioplasty, peripheral artery bypass surgery, amputation of ischemic limbs, carotid stenting, or carotid endarterectomy). The present study was approved by the Ethical Committee of the Faculty of Social Sciences and Humanities, Mahidol University, Institutional Review Board, number 2014/259.1809. All the patients who participated in the study gave written informed consent prior to participation.
Study instruments
The present study used two measurements: oscillometric BP, which can be used in general hospitals and at home (Terumo, ES-P600), and an automated ABI (VP-2000/1000 Type 230, diagnostic tool, machine calculation) as a gold standard for screening at-risk patients used in large hospitals. Both methods were subject to controlled reliability testing on thirty persons before application to the actual sample. Accuracy was 93.33% on the right side and 90% on the left side. Both methods were equally reproducible.
Data collection
Data collection was performed by one practical nurse who was trained in the study design, with two measurements of intraobserver reliability. Patients who were followed up at a medical clinic had both oscillometric BP measurement and automated ABI at the same time. Patients were placed in the supine position, and after 10 min of rest, oscillometric BP measured the brachial BP on both arms and at the posterior tibial artery on both ankles with standard BP cuffs (automated BP measurement in general people), and the ABI value was calculated by hand. The ABI values are calculated by systolic BP of the posterior tibial artery at the ankle in each leg (right and left) divided by the highest brachial arterial systolic pressure of arms (right or left). The automated ABI uses cuffs attached to the brachial and ankle locations at the same time, after which the Doppler blood flow sensor measures systolic BP at the limbs simultaneously.
Statistical analysis
Percentage, mean, median, and standard deviation were used to analyze the descriptive data. The ABI values between the oscillometric BP and the automated ABI as the gold standard for screening at-risk patients were tested by Pearson's Chi-square test. Based on the inter-method concordance on the binary determination of a pathological index, patients were designated to normal ABI group (≥0.9) or abnormal ABI group (<0.9), meaning that the cutoff analysis was ABI < 0.9, as determined by the kappa coefficient (k).
[13] Sensitivity, specificity, positive predictive value, negative predictive value, and receiver operator characteristic (ROC) curves of the oscillometric BP measurements to predict an abnormal ABI were determined using the automated ABI as the gold standard. Statistical analyses were performed using PASW Statistics 18.
RESULTS
Three hundred and three patients who visited the medical clinic at Golden Jubilee Medical Center, Mahidol University, Thailand, had ABI determined using both manual oscillometric BP measurement and an automated ABI measurement. The mean patient age was 69.0 years. Most of the patients did not smoke or drink alcohol. Ninety-eight percent of patients had hypertension and dyslipidemia. Forty-five percent of patients had diabetes. Some patients had a history of cardiovascular events such as stroke and had a previous history of cardiovascular intervention such as PCI or CABG [ Table 1 ].
Ninety-seven percent of patients had normal ABI values on both sides as determined with both methods (oscillometric BP and automated ABI). Only 3%-4% of patients had ABI abnormal values (<0.9), on both sides and with both methods. The present study found that ABI values were nearly identical between the two methods. The mean difference between the methods was 0.007 on the right side and 0.013 on the left side [ Table 2 ].
At the cutoff point of <0.90, the validity of the oscillometric BP method for determining an ABI on the right side had a sensitivity of 88.89%, a specificity of 99.32%, an accuracy of 99.01%, a positive predictive value of 80%, and a negative predictive value of 99.32%. Correspondingly, an ABI on the left side had a sensitivity of 69.23%, a specificity of 99.66%, an accuracy of 98.35%, a positive predictive value of 90%, and a negative predictive value of 98.63%. Reliability of the oscillometric BP method by Kappa statistics was 0.84 on the right side and 0.77 on the left side (P = 0.000) [ Table 3 ]. Using the automated ABI as a gold standard, oscillometric BP performance for diagnosis of PAD showed an area under curve the receiver operating characteristic curve (ROC) of 0.99 on the right side and 0.92 on the left side [ Figures 1 and 2 ]. 
DISCUSSION
The results of this study showed that the oscillometric BP method (Terumo, ES-P600) had high validity and reliability in measurement when compared with the automated ABI values (VP-2000/1000 Type 230, oscillometric method). The oscillometric BP method for determining an ABI (cutoff point <0.90) on the right side had a sensitivity of 88.89%, a specificity of 99.32%, an accuracy of 99.01%, a positive predictive value of 80%, and a negative predictive value of 99.32% whereas ABI on the left side had a sensitivity of 69.23%, a specificity of 99.66%, an accuracy of 98.35%, a positive predictive value of 90%, and a negative predictive value of 98.63%. The agreement of both measurements was high (a Kappa of 0.84 on the right side implies an "almost perfect agreement" while a Kappa of 0.77 on the left side implies "substantial agreement") when compared with other studies. It was possible to determine the ABI in 99% of patients. Only three patients did not have leg oscillometric BP measurements, but they did undergo automated ABI. For patients who had ABI values of <0.74, the oscillometric BP method was not sensitive enough to detect risk for patients with severe PAD. This is similar to a previous study which found that oscillometer OMRON-M3 showed calcified legs and oscillometric "error" readings as arteriopathy equivalents, with a sensitivity of 78.2%, a specificity of 96%, and a cutoff point of 0.96 (sensitivity: 87%, specificity: 91%). [10] Automated oscillometric ABI correlated well with Doppler measurements with high agreement in oligo-symptomatic nondiabetic patients. [14] The oscillometric measurement of ABI had a good correlation with Doppler ultrasound measurements, and there was little difference between the two different machines tested. [15] [16] [17] [18] Our results are in contrast to a previous study in which the oscillometric method compared to the Doppler method showed that it was of low sensitivity (50%), specificity (100%), Kappa (0.65), and correlations in ABIs were 0.46 for the left leg and 0.61 for the right leg. [19] Some studies have shown that automatic oscillometric ABI devices (BOSO ABI) cannot be used interchangeably for standard Doppler ABI measurement in diagnosing PAD, but their high negative predictive value allows their use as a screening tool for PAD. [20] The differences in accuracy of the tests depend on instrument type, measurement methods, PAD severity patients or without PAD, and cutoff point. Limitation of this study includes the small number of patients with abnormal ABI values resulting in uncertain differences between the two measurements. However, this study proposes that the oscillometric BP method can be used to measure ABI values in patients with no severe arterial occlusion when cases have an ABI value of more than 0.74. If the oscillometric BP method cannot determine the ABI value, severe PAD should be suspected. Examination is a reliable indicator of atherosclerosis to identify patients who need intense risk factor modification although a professional specialist should be consulted to apply further diagnostic tests. Future studies should measure sensitivity, specificity, and accuracy of ABI using oscillometric BP measurement as compared with angiogram (a diagnostic test) for detecting patients with PAD.
CONCLUSION
The oscillometric BP method is a reliable and useful alternative to conventional automated ABI determination in patients with no severe arterial occlusion for estimation of the prevalence and screening of PAD in primary health-care settings.
